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• VARIAT iONS IN HOMOGENEOUS FLUORESCENCE LINEW IDTH AND ELECTRON-PHONON

COUPLING WITHI N AN INHOMOGENEOUS SPECTRAL PROFILE

Phaedon Avour is, Alan Camo ion and M . A. El-Saved
Deoartment of Chemistryt
Un iversit y of California

Los Anneles , Cal ifornia 90024

• The or igin of the homogeneous optica l linewidth in ionic and mol ecular solids

is a subject of considerable curren t interest. In most systems at finite tempera-

tures the homogeneous width (Av hom )s or in an equivalent description the optical

transverse relaxation time (T2),
(1) is determined by phase destructive events.

The measurem ents of homogeneous broa den i ng are performe d e ither i n t he frequency

domain~
2
~~ or in the real time domain . (l0~~

2)

In this communication we use the fluorescence line narrowing technique ’:2)

(FLN) to determine the homogeneous width of the 5D0 
-
~ 

7F0 resonanc e fluor escence

li ne of Eu3’~ i n an amo rphous s i l ica te ma tr i x as a func ti on of laser  exc i ta ti on

wavelength and temperature (200-350°K). A smooth increase in is observed

as the excitation wavelength is decreased across the inhonogeneous profile

(excitation of sites of progressivel y higher averaqe crystal fie1d~~
3
~). The

combined temperature and excitation wavelength dependence identify the broadening

mechan ism as a two-phonon Raman scattering process and suggest that the observed

increase of A\)hom with increasing excitation energy is due to stronqer electron-

phonon coupling at sites of stronger crystal field.

Eu3+ 0.09 mole % was incorporated as an impurity in a sodium barium zinc

silicate matrix. The experimenta l setup has been described eari ier .0~~ Upon

exc iting with a narrow laser lin e ( 1 cni’’1 ), an em i ss i on i n resonance w it h ,

but broader than , the laser line is observed . In addition , a weak broad

C ntr b~~~~n N O J~~~’
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side band appears whose intensity and position vary with the excitation

wavelen gth and the temperature. Further studies of these side bands are

now in progress and will be publi shed later. The resonant fl uorescence

lineshape is Lorentzian to a very good approximation .

The importan t results are s hown i n Fig s . 1 and 2 and can be summar i zed

as follows : (i) Fig. 1 shows a smooth increase in the homogeneous

fluorescence ljnewjd th (corrected for the finite laser and instrumental widths)

as the excitation wavelength of the laser is decreased across the inhomogeneous

l ine (AVhOm changes by a factor of 2 between 5795 and 5745 A). (ii) The

variation of AVhom w it h tempera ture can be f i tted to a powe r law , Tn , with

n = 2.1 ~ 0.1 (Fig. 2) or to an exponential law , e ’
~ h’kT, with an activation

energy AE = 380 ± 20 cm~~, and is independent of the excitation wavelength.

From AV h S  T2 can be ob tained from the relat ion T2 ’ = flAVhOm 
= (2T1 )~~ + r

where 11 is the long i tud inal relaxat ion t ime , wh i ch i n our case i s determ i ned

essentially by the radiative lifetime ( - ‘  1 ms),and F is the dephasing rate.

From Fig. 1 , 12 is found to cha nge from 1 .5 to 4 psec across the i nhomogeneo us

band and is determined by the loss of phase coherence as a result of one- or two-

phonon scattering processes. The variation of Av hom (or T2) across the inhomo-

geneous profile then si gn i f i es a var i ab le efficienc y of the phonon sca tter i ng

processes with excitation wavelength.

The variation in 
~ hom with X and temperature could be explained by

either a Raman process (since a one-phonon process is expected to show a

linea r tempera ture dependence~~~~),w ith a site-dependent electron-phonon

coupling s treng th , or by an Orbach process with a site-dependent activation

energy . The linew idth decreases wi th increasing A exc (indicating a smaller

scattering rate) so tha t the Orbach activ ation energy would have to increase

to explain our oh er’ v ition . The Ilti l y accessible ion l evel whose

transition energy chdnges in this dire t ion is the l owest Stark component

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  
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of the 7F1 level , which lies from 130-260 cn(1 above the ground state. The

observed activation energy is 380 • 20 crn 1 and , more important , is independent

of 
~exc~ 

Thus we conclude tha t the Orbach mechanism is unimportant in this system .

A Ranian process should ex hibit a T7 dependence for T TDebye or T2 for

T “ TDebye~
( 15) Since a power law fit of our  data gives T2~

’
~
0 1  over a tempera-

ture range where T 
~ 
TDebye (200-350 K), a Raman process is indicated. The

var iati on i n the homogeneous li new idth across the i nhornogeneous profi le i s then

ascribed to a site-dependent electron-phonon coupling strength.

Brec her and Ri seberg ’
~~~ showed that , in this silicate glass, high

5
D
0 

-
~ 

7F0 exc itation ener g ies of Eu3~
’ correspond to hi gh static crystal fields .

As our resul ts suggest , high exci ta ti on ener gi es also corres pond to s tronger

elec tron-phonon coupling . Therefore , there a ppears to be a correlat i on between

the crystal field and electron-phonon coupling strengths . This correlation is

phys i call y reasonable since the electron-phonon coupl ing measures the modu-

lation of the crystal field by the thermal lattice strains. The 7F0 and 
5D0

leve l s may be affected by the electron-phonon perturbation to different extents. We

suggest that phonon perturbati on of the ground state is dominant in determining

the observed homogeneous linewidth. This is based on the following simplified

~Irgument. The inte racti on Hani iltonian consists of a linear olectron -phonon coupling

term taken to second order and a quadratic term taken to first order. If the

l i near term dom i na tes , and if the matrix elements are similar for the 7F0 and

5D lev els , then the relat i ve amount of broaden ing i s determine d by the s i zes

of the energy denominators in the perturbation expansion . Furthermore , the

major contr ib ution to the sum over levels wi ll come from mi x ing of J = 0 with

J = 2 leve ls .~~
65 17) Since AE( 5D - 5D2) is 2.5 AE (7F0 

- 
7
F2
),~~

8)

perturbation of the  ground state i -~ expected to be dominant.
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In closing , we conclu de that: (i) variations of the phonon scattering

efficiency and transverse relaxation rate may appear within a single

i nhomogeneously broadened l i n e , (i i) correlations between the scattering

eff icienc y and static crysta l field may ex i st , and (iii) the measurement

of phase destructive events in the frequency domain is a powerful and simple

technique for studying events on the picosecond time scale.
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Figure Ca pt i ons

Fi g. 1 The variatio ii of the homogeneous linewidth of the

5D0 
-

~ 

7F0 
resonance fluore scenc e li ne of Eu3~

’. in a

silicate glass at 393 K , with laser excitation

wavelength within the inhomogeneous line profile.

Also indicated is the optical transverse relaxation

ra te (T 2~~) under the same conditions.

Fig. 2 The dependence of the homogeneous linewidth

on tempera ture .
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